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1 Introduction
Ensuring people’s quality of life within the means of na-
ture involves many responsibilities for present-day society.
Strategies for environmental protection and recycling of used
appliances, industrial and communal wastes are helpful in or-
der to create a closed loop economy. In recent years, the no-
tion has been gaining ground that, for environmental and
legislative reasons, improvements in national environmental
policies and practice, including recycling strategies, are desir-
able and in many cases may be economically beneficial.
Globalisation and the reduction of the life cycle of products,
technologies and services have led to an increase in competi-
tion among enterprises in the field of recycling [1]. Individual
enterprises are no longer able to respond to the changing
market needs and recycling activities because of their
outdated organisational structures. In this way, the role of
co-operating forms has been rising, because they can achieve
economic and technologic advantages that which companies
working separately could not achieve on their own.Within the
frame work of this paper, the author will present the main
logistic tasks and the design conception for cooperative recy-
cling processes to improve the existing closed loop economy
of future EU member states like Hungary [2].
A precise definition of these logistic tasks and the elabora-
tion of an execution plan is important for the new EU
member states, and thus for Hungary, because in a short time
after accession a system has to be in action that meets the EU
norms, the technological, logistic, economic, legal, political
and social conditions.
2 State of the art vs. EU practice
Nowadays the governments of the OECD states definitely
consider the environment as a strategic sector. This thought
involves mot only ecological aspects it is also important
that the environment has become a major economic and
market factor, and several enterprises owe their success to
their environmental approach. In the OECD states, general
environment – oriented services account for nearly one quar-
ter of the total industrial output, mainly in the form of
engineering and consultative services: process planning, reg-
ulation planning, project management, influence tests,
environment surveys, environment monitoring, risk manage-
ment, expert systems, financial analysis, and database
administration [3].
The governments of the CEE countries should do their
best into bring their laws, economy and regulations in
line with EU directives and regulations. Hot areas are envi-
ronmental protection, the development of environmental
awareness, the development of an environmental industry,
waste management, the application of clean technologies,
closed loop production, and the introduction of environment
control systems in companies [4], [5].
Collection, take-back and recycling of used household ap-
pliances have been under discussion in Europe for many
years. The main reasons for addressing this subject are as
follows: reduction of waste volume, promoting the recycling
of materials, closing the loop, use of fewer resource, better
control over toxic substances, reducing environmental risks
[6].
The recycling of products is also dealt with by interna-
tional agreements:
 the Rio de Janeiro Conference, which stated that “the natu-
ral load is not restricted and we do not pay enough”,
 BS (British Standard) amendment 7750,
 EMAS Environmental Management and Audit System,
 the introduction of ISO 14000 in environmental auditing,
 the Basel Convention on the qualification and export of
waste in Europe, the recommendation of the ‘polluter pays’
principle.
Although the objective of the Act on Environmental Prod-
uct Fees and on the Environmental Product Fees of Individual
Products (Act LVI of 1995) is to create financial resources for
the reduction and prevention of damage to the environment
or one of its elements caused by the production or the use of a
product or directly or indirectly imposing harm or stress on
the environment as a consequence of the consumption of a
product, and replace pollution of the environment and stimu-
late economic management of natural resources, the Hungar-
ian directives need to be harmonised with the directives of the
European Union.
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The European Union has decided that improving the
closed loop economy is the most important step in the field
of equipment containing hazardous materials, like electric
and electronic equipment. The European Parliament and
the Council have made proposals for directives on electric
and electronic equipment wastes. On the basis of these direc-
tives, the milestones for possible future improvement are the
following: treatment, selective collection, recovery, financ-
ing in terms of WEEE, information for users, information
for treatment facilities, information requirements, reporting
obligation and adaptation to scientific and technical prog-
ress [7].
3 General collection structures of
recycling
The first and principal step in forming a potential recy-
cling collection system structure is to explore the potential
system elements. Although two main types of recycling tech-
nology exist (disassembly and shredding), based on previous
Hungarian experience we can say that the future recycling
system will basically depend on disassembly technology. The
target during the formation of the recycling system is to form
of a logistic system, that is capable of collecting used elec-
tronic products from the end users in an economical manner
and setting them to disassembly plants [8], [9].
The number of disassembly plants can be determined
according to the required disassembly capacity. When deter-
mining the number of disassembly plants, the basic question
is whether one large plant is to be set up on one site, or several
plants with smaller capacity on a number of sites. It is impor-
tant to determine the types of products to be disassembled by
a plant (homogeneous, inhomogeneous or mixed disassem-
bly). Determining the range of products to be disassembled,
at the plant is a very important strategic decision, like the de-
termining the range of products drawn into the orbit of the
collection process, since it will define the companies working
in strategic co-operation in the collection and recycling sys-
tem. Currently there is one disassembly plant in Hungary that
can be used to disassemble discarded refrigerators, freezers
and freezing boxes. Thus the number of disassembly plants
and the types of products that can be linked to them is still
an open question, especially because there is still no kind
of agreement among the Hungarian companies that make
electronic household appliances about a collecting-disassem-
bly system which can be operated in co-operation. However,
on every account, the future foreshadows the formation of
an all-round co-operating system, because establishing and
operating several collecting-disassembling systems does not
seem practical in a small country.
A collection system can basically comprise the following
elements: end users, waste courts, stores, services, distributors
[10]. Using these elements, a single or multilevel logistic col-
lection system has to be formed, which, taking into account
the characteristics of the above listed elements, offers the
users and recyclers an economical way to collect discarded
products. End users can be communal users and private
users. It is important to distinguish between them during
the formation of the collection system. While in the case of
private users a single item is usually collected, in the case of
communal users a larger quantity is usually collected from
each communal unit. Thus it would be useful in the collection
system to deliver the used products of private and communal
users to different collection points. When determining the
number of collection levels, two important target functions
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Fig. 1: Structure of collection systems
have to be considered. One target function is to minimize the
implementation costs, which can be achieved by reducing
the number of collection points. The other target function is
to minimize the delivery costs linked to the operation of the
collection system, which can be achieved by increasing the
number of collection levels and collection points.
When electronic household product began to be recycled
(in about 1993), mobile as well as stationary disassembly
plants were analysed, but for economic and geographical rea-
sons, the planning and partial realization of versions of the
collecting system were based on stationary disassembly plants.
Pre-disassembly is especially important in the case of products
of this kind, when the volume of large items can be reduced in
the early phase of collection. However the applicability of
pre-disassembly has to be investigated carefully from the eco-
nomic viewpoint because implementation and operation of a
pre-disassembly plant considerably increase the operation
and maintenance costs. Figure 1 shows the general structure
of the logistic collection system, from which the characteristic
system versions can be derived.
As shown in Fig. 1, the logistic collection system consists
of a number of participants; therefore such a system can be
operated only in the form of co-operation. The next section
will introduce forms of co-operation in the framework of
which these collection and recycling systems can be operated.
4 Networking possibilities of
recycling
Operation of the recycling system can be done in two
co-operation forms. One is the virtual enterprise, and the
other is the cluster. A virtual enterprise is a temporary net-
work of companies that come together rapidly to exploit fast
changing opportunities. In a virtual enterprise, companies
can share costs, skills and access to global markets, with each
partner contributing what it is best at. This network is based
on economic relationships, which can be flexibly built or bro-
ken up depending on demand. The most important partners
of a general virtual enterprise can be purchasers, producers,
distributors and end users [11, 12, 13, 14, 15, 16].
Forming a cluster is a process that may start with an initial
natural advantage or chance use of a location, leading to
collaboration among several firms, present-day official
OECD and EU definition of a cluster is as follows: the abilities
of companies, industries, regions, nations and regions
above nations to produce relatively high income beside rela-
tively high employment while they are in international com-
petition. Advantages of co-operation based on geographical
concentration and reliance: low transaction costs (communi-
cation), low transport costs, opportunities for special services,
face-to-face communication, comparatively simple feasibility
of JIT conception, cost reduction because of common quality
assurance, etc. Since Hungary is not a large country, thus the
co-operation forms operating in it can be classified as cluster
type co-operation.
Co-operation type operating forms can be successfully
applied in two important fields of collection and recycling sys-
tems. These are harmonized operation of a) the collection sys-
tem and b) the disassembly plants. The virtuality of the
collection system means that the potential participants in the
collection system (end users, waste courts, stores, services,
distributors) do not in a legal sense operate in a common
organization, but their operation is harmonized by a virtual
logistic centre. The virtual disassembly system, which ensures
the co-operation of plants specialized in disassembling
various product groups, can work on the same principle.
Obviously, the co-operation between the collection system,
the disassembly system and the distribution-recycle system is
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Fig. 2: Co-operative subsystems of the recycling process
essential. This high level co-operation is basically carried out
by communication among the virtual logistic centres operat-
ing the individual sub-systems, but it is also possible for one
virtual logistic centre to ensure the harmonized operation of
the whole sub-system (see figure 2). Obviously, the virtual
logistic centres do not onlydeal with harmonizing the techno-
logical and logistic processes, but they also have to keep
in contact with the partners concerning the whole business
process (banking, exchange, insurance, dealing with the au-
thorities, ministries, external services, etc.)
In Hungary, because of its small size, it seems practical to
operate the whole system by a single logistic centre, but the fi-
nal number of logistic centres and the structure of the system
can be determined only after performing quantitative and
qualitative analyses of the products to be collected and recy-
cled, taking into account technology, logistics and economics,
and the result can be considered as a long-term strategic deci-
sion from the point of view of the cooperating partners.
5 Conception of the design of
collection systems
When an optimal logistic collection system is being
formed, the internal and external logistic aspects need to be
considered. External logistic aspects are basically connected
with the collection processes: products to be collected and
recycled, the topology of the collection/distribution system,
hierarchical and heterarchical characteristics, collec-
tion/distribution routes, route planning, planning of storage,
choosing transport and loading devices, scheduling of
supply/distribution. Internal logistic have to receive due
considering when the disassembly system is being designed:
topology of the disassembly systems, topology of the dis-
assembly plants, choice of material handling devices,
planning of stores of used products and reusable compo-
nents/materials, scheduling of disassembly, pre-disassembly
possibilities [17].
The first task during the formation of the logistic collec-
tion system is to determine the product group to be collected
and the quantitative and qualitative parameters of these
products. While the European Union directives specify the
quantity to be collected as 4 kg/person, the quantity related to
a company can be determined by market participation. For
this, the first step is to make a long-term trend analysis consid-
ering the marketing results of the previous period. In this
trend analysis it is practical, based on the regression method,
to determine the marketing trend of each product, because
the marketing trend of a product that has already been in the
market is determined differently than in the case of a new
product in the market. For example, in Hungary the market
for built - in ovens and cookers is quite small, but dynamic
growth is expected, so it is practical to apply an exponential or
logistic function. Meanwhile, in the case of products that have
been already been in the market for a long time, linear regres-
sion methods are applicable. Based on the values estimated
this way, the future market share and the quantity to be col-
lected can be calculated. The recommended next step in the
quantitative analysis is to determine the quantity of products
to be collected according to region. When the quantity distri-
bution in the regions is estimated, not only the population but
also the standard of living has to be considered, for example
taking into account the GDP or unemployment ratio as a
weighting factor. Based on this distribution, the parameters of
the required collection structure can be determined.
The aim of qualitative analysis is to determine the distri-
bution of the products to be collected in order of age. For this,
an amortization function needs to be used (see Fig. 3), which
defines how much of a given type of product becomes waste
as function of its age [18]. This amortization function may
differ for different products, as a function of the product
life-cycle graph.
When the quantitative and qualitative parameters are
known, the collection system can be planned, which basically
means selection based on a comparative analysis of the opti-
mized system versions. During the formation of system ver-
sions, analysis of single- and multilevel collection systems is
recommended, taking into account different region forming
methods and disassembly system structures. A typical system
version can be as follows: a single-level collection system with
one or more disassembly plant, a multi-level collection system
with one or more disassembly plant.
Although the investment costs are relatively low in the case
of a single-level, single-disassembly placed collection system
(see Fig. 4), the operation costs will be high, since the custom-
ers will have to transport their waste products over large
distances. In this system, private users as well as communal us-
ers take their products to the same collection system. In the
case of Hungary, this system version requires the formation of
18–20 collection centres, if each country has a collection cen-
tre, and the customers have to transport their waste products
an average distance of 30 km. When forming the collection
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Fig. 3: Amortization rates
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system, it is recommended to consider having regional collec-
tion centres at institutions that already exist or will be estab-
lished obligatorily during connection to EU systems. If the
tasks of the collection centres are carried out by waste courts,
the regulations of the operations of waste courts have to be
modified in a way that will enable large amounts (from com-
munal users) of dangerous wastes to be accepted.
According to the current executive decree (98/2001 execu-
tive decree 12§) a waste collection court can be operated
in order to collect dangerous wastes originating in small
amounts from households or from other sources. The opera-
tor of the waste collection court is allowed to receive a small
amount of dangerous waste that does not originate from
household sources by agreement with the owner of the waste.
The owner of the waste can use the waste collection court for
collection only if the quantity of dangerous waste originating
from him in the course of a year is not more than 500 kg. The
operator of the waste collection court has to pass the collected
dangerous waste over to a licensed waste treatment body.
Dangerous wastes may not be kept in the waste collection
court longer than 1 year from the date of receipt. It is not nec-
essary to lift the ban on storage longer than 1 year in the case
of a collection system that functions with a well-operating dis-
assembly plant that has the required disassembly capacity.
However, in the case of communal users the upper limit of
500 kg is not acceptable. Naturally if these modifications can-
not be carried out, the establishment of a new institution is
required. In the case of the single-level collection system
shown in Fig. 5, the collection and disassembly processes are
harmonized by a single virtual logistic centre. Although the
investment costs are relatively high in the case of a multi level
collection system, the operation costs will be quite low, since
the customers have to transport their waste products over
only short distances.
Although the investment costs are considerable in the
case of a the multilevel collection system, because the extra
collection levels include building up quite a large number of
collection points, it is obviously a comfortable solution for the
end users because they have to deliver their used products
over only short distances [19, 20]. However, to type of a col-
lection system shown in Fig. 5 can be also built up by using
plants or plant networks already in operation, because low
investment costs can make the product distribution network
capable of doing the tasks of an element of the collection
system. The collection points can be department stores, ser-
vicing stations, distributors, while the collection centres can
be working waste courts or other plants. A distinction needs to
be made between private and communal users in this collec-
tion system, because the receivable quantities are limited at
the collection points due to the limited logistic capacities. It
therefore seems logical to link the communal users directly to
the collection centres. The system shown in Fig. 5 consists of
two virtual logistic centres, which harmonize the operation of
the two large subsystems.
The need for co-operation is visible in the case of these
two systems. The tasks of the virtual logistic centres basically
involve harmonizing the collection process and the disassem-
bly process in order to minimize delivery times, increase the
accuracy of the supply process, minimize running times,
increase the utilization of resources (human, technology and
logistics), decrease the stock quantities, increase the flexibility
of the whole system, and increase the forwarding capability.
If the target function during the formation of the collec-
tion system is to minimize the performance and the inherent
costs of materials handling, then we also have to consider the
optimum formation of the collection runs, especially during
the formation of collection levels near to the end user.
It is expedient to form a collection structure in which de-
livery tasks close to the end user are done by collection routes,
and delivery tasks going into the disassembly system can be
done by direct routes.
When forming the logistic system for collection, another
important task is to determine the storage capacities in
adition to the delivery capacities. The quantitative and time
distribution of the used products to be stored is highly sto-
chastic at the collection level near to the end user. Since it is
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Fig. 4: Single-level collection system
generally a matter of storing quantities for a short time at
the level near to the end user, the above mentioned low
calculability does not involve planning a storage capacity for
large stores according to indefinite data. It involves storage
places with small storage capacity built up at distributors and
in waste courts. At the collection level near to the disassem-
bly plants, large quantities are stored, and the stochastic
characteristics of its quantities estimated by quantitative and
qualitative analysis are smaller. The development of stocks
with time can also be better estimated, because the deliveries
are in phase with the production scheduling of the disassem-
bly plants.
Waste management is a big business in Western Europe,
where private and public stakeholders are involved. There-
fore, much information is given by special systems such as of-
ficial national statistics and required documentation or proof.
In the new EU member states, effective waste management
is either lacking or still in an early stage of development.
Information systems, such as official national statistics and
required documentation or proof, are not sufficiently avail-
able and need to be developed.
In order to bring about a closed loop economy quickly and
efficiently, an appropriate legal background has to be formed
as soon as possible, because the establishment of such by 2005
in the new EU member countries of a recycling system, that is
economically, technologically, logistically and
environmentally suitable and leads to a better style of living
for those living in the common Europe depends on it.
6 Conclusion
Strategies for environmental protection and recycling of
used appliances, industrial and communal wastes are helpful
in order to create a closed loop economy. During the imple-
mentation of a closed loop economy not only the economic
and technological aspects have to be considered, but also the
logistic aspects, because a considerable part of the costs of a
closed loop economy are the costs of logistic processes. Since
harmonized co-operation among many economic partici-
pants is required during the realization of a closed loop econ-
omy, such co-operation is economically best implemented in
the form of a network. In the case of Hungary, because of its
small size, co-operation can be realized in the future in the
form of clusters and virtual companies. In order to improve
the standards of services in the collection system, it would be
practical to form a multi-level collection system, although the
costs of forming and operating a large number of institutions
can be higher than the costs of a single level collection system.
Forming a multilevel collection system requires considerable
coordination, because of the many co-operating partners.
This can be establishing a suitable informatic system.
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Fig. 5: Multi-level collection system
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